Introduction
The benefit of a concomitant anti-arrhythmic surgical procedure to treat permanent atrial fibrillation (AF) in coronary artery diseased patients is unknown. The maze procedure, as described by Cox and colleagues, is predominantly combined with mitral valve surgery and has proven to be effective in abolishing AF and associates, recently, described their results in 47 coronary arterial bypass grafting (CABG) patients with paroxysmal or persistent AF [4] , Nevertheless, this technique and its modifications are infrequently combined with a solitary CABG, because the atria have to be opened intentionally to perform the various intraatrial lesions. Whether an extension of the operative procedure to treat AF. in this subset of patients, is justified will eventually be determined by the induced additional morbidity and mortality, balanced against the success of the obtained sinus rhythm (SR) conversion rate. Therefore, simplifying the operative technique, without compromising the SR conversion rate, is important. This can be obtained by using the saline irrigated cooled-tip radiofrequency ablation (SICTRA) to create intraatrial functional lesions [5, 6] .
The aim of this study was to assess whether concomitant anti-arrhythmic surgery, using SICTRA. in CABG patients proved to be safe, effective and beneficial.
Patients and methods
This study was approved by the local ethical committee. From 1998 till 2003 4015 isolated CABG procedures were performed in our institution. Permanent AF was observed in 65 patients. Preoperative signs of unstable angina, shock, cardiac failure and the indication for additional surgical procedures were exclusion criteria. Only patients in whom an informed consent could be obtained were included in this study. Thirty-six CABG patients with permanent AF and coronary artery disease had a CABG with either a left atrial (n = 21) or a bi-atrial SICTRA lesion pattern (n = 15). Each patient had a preoperative standard ECG and 24 h Holier registration. If an AF with a distinct atrial flutter pattern was observed than a bi-atrial SICTRA lesion pattern was pursued, otherwise only a left atrial lesion pattern performed. Our technique has been described in detail previously (6). Fig. 1A -C summaries the right and left ablation patterns.
Postoperative care
The patients were kept on AAI or DDD pacing if the heart rate was lower than 75 beats per minute during the first 7 postoperative days. Metoprolol 47.5 mg per day was started on the 1st postoperative day (pod). The dose was increased to 95 mg retard per day on the 3rd pod and eventually to 190 mg per day if no bradyarrhythmia was noticed. No cardioversion was attempted before the 6th postoperative month. If a patient remained in AF after the 6th postoperative month, than one cardioversion with 240-360 J was performed. All patients received coumadine, started on the 1st pod, targeting an INR value between 2.2 and 2.5.
Follow-up
Data acquisition was obtained for each patient on the 1st pod, 12th pod (pre-discharge) after the 3rd. 6th and 9th. 12th and 24th postoperative month. The medical history, clinical examination and an electrocardiogram (ECG) were obtained at each visit. A 24-h ECG analysis was performed after 3. 6 and 12 months. A transthoracic echocardiography, including transmitral and transtricuspidal Doppler examination. was obtained on the 12th pod. after 3, 6 and 12 months. Survival information was complete.
Statistic analysis
Continuous variables were compared with the Student's f-test. The binarv logistic regression was used to assess 
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predictors of postoperative SR. Categorical data comparisons were made with the Fisher exact test. The cumulative survival and the postoperative SR rates were calculated according to the Kaplan-Meier method. Differences were calculated with the log-rank test. P values <0.05 were considered significant.
Results
The mean (SD) number of distal anastomoses was 3.3 (1.2), aortic cross-clamp time 90 (19) min. extracorporeal bypass time 156 (38) min, 30-day mortality 2.8% (1/36). The mean (SD) follow-up was 25.3 months (17.9) ( Table I ). Patient's characteristics and operative data for the left and bi-atrial lesion pattern were similar except for the extracorporeal circulatory time (Table 2) . No predictors of postoperative SR could be determined (Table 3) . No relationship could be determined between the type of lesion pattern and the occurrence of postoperative SR (Fisher exact test, P = 0.71). Cumulative postoperative SR rates (SE) at 6 and 12 months were 0.60 (0.08) and 0.75 (0.08) ( Fig. 2A) . The cumulative postoperative SR rate at 12 months, specified for the left and bi-atrial anti-arrhythmic procedure, were 0.80 and 0.68 (P = 0.17; Fig. 2B ).
Restored bi-atrial contraction occurred in 73% (19/26) of all patients in SR. Coumadine was stopped, after the 6th postoperative month, in 76% (16/21) of the SR patients, who had a minimal follow-up of 6 months. This corresponded with 44% (16/36) of all study group patients. A single right atrial contraction was observed in 8% (2/26), while 19% (5/26) of the SR patients did not show any atrial contraction at all. Coumadine was continued in these seven patients. No predictors of failure of atrial contraction could be determined (Table 4) .
One patient (patient SR) experienced a sick sinus syndrome 12 months postoperatively and consequently had a DDD pacemaker implanted. Three patients (WG, RH. KC; Table I ) out of five patients (WG. RH, K.C, MW. BJ: Table 1 ) with a preëxistent VVI pacemaker regained a stable postoperative SR with bi-atrial contraction, obviating the need of any pacemaker support. Cumulative survival rates (SE) at 12 and 24 months were 0.94% (0.04) and 0.90% (0.06) (Fig. 3A) . The specified cumulative SE for left and bi-atrial lesion pattern is in Fig. 3B .
3.I. Morbidity and mortality
Six patients experienced a postoperative pulmonary complication: a transient respiratory insufficiency due to atelectases (n = 3), pleural effusions with drainages (n = 2) and a pneumonia (n = I). Nevertheless, all patients were extubated before the 2nd pod. A postoperative myocardial infarction with a transient low cardiac output syndrome, due to a ramus descending posterior venous graft occlusion, occurred in one patient (MW). A sternal dehiscence. necessitating refutation, occurred in two patients (SR. SH). A postoperative bleeding with rethoracotomy was performed in one patient (KH). All these complications could be treated successfully. The hospital stay was extended with a mean 1.5 days for these patients.
One patient (SW) died 4 days postoperatively due to a massive cerebral stroke due to a severe atherosclerotic calcified ascending aorta. Autopsy did not show any SlCTRA-related complications. During follow-up two patients died after 1.6 and 22.5 months: a cerebral vascular accident (Patient NH) and an unknown cause (MW). Patient MW had a flutter at 6 months, which could not be cardioverted.
Discussion
Damiano and associates reported their results in 28 CABG patients with paroxysmal AF and 17 CABG patients with persistent AF. This study focused on CABG patients with documented permanent AF. The aim of the study was to assess whether an additional arrhythmia surgical procedure, using S1CTRA. in CABG patients proved to be safe and effective. The SICTRA treatment in this subset of patients was associated with an acceptable SR conversion rate without causing any major morbidity or mortality.
Sinus rhythm
In this series, the cumulative postoperative SR percentages at 3. 6 and 12 months were 28, 60 and 75%. The gradual increase of the SR conversion rate, in this series, starting from 28% immediate postoperatively to 75% after 12 months is consistent with our previous observation in the mitral valve patients who also had a SICTRA treatment |6|. The increase of the SR rate occurred due to spontaneous SR conversions over time. Only one patient (Patient KE) had a successful cardioversion after 6 months. A potential explanation of the spontaneous cardioversion is that the temporarily shortening of the refractory time of the atrial tissue, in the immediate postoperative period, disappears during follow-up. This shortening of' the refractory time is caused by the surgical trauma causing edema and inflammation, and by the elevated catecholamine levels. Therefore, multiple wavelet re-entrant circuits can still persist during the early postoperative period. When the refractory time lengthens then the re-entrant circuits will extinguish themselves [2] . Another explanation is the rc-innervation of the autonomous nervous system, which contributes to the sinus node vitality [7|.
Damiano reported a 98% freedom of' AF at a mean follow-up of 5.7 ± 3.3 years in a different subset of 47 CABG patients who had paroxysmal or persistent AF (4|. 
Atrial contraction
Ao-X. aortic cross-clamp time: ECC.
Restored hi-utrial contraction occurred in 73% (19/26) of all patients in SR. enabling to stop coumadine. after the 6th postoperative month, in 76% (16/21) of all SR patients who had a minimal follow-up of 6 months. Patients SW and NH (Table I) , who were in SR, died after 0.1 and 1.6 months postoperatively. Ausma, however, showed that the recurrent of atrial contraction after a successful cardioversion for AF was time dependant, since loss of contractile myofibrils impaired the immediate contraction |8|. The other five SR patients, who had a follow-up between 17.2 and 41 months, probably experienced an irreversible loss of atrial contractility. No predictors of failure could be determined (Table 4) . Nevertheless, stopping coumadine medication in 44% of all study group patients is, in our opinion, a considerable advantage. 
Pacemakers
Three (WG, RH. KC: fable 1) out of five patients (WG, RH, KC, MW, BJ; Table 1 ) with a pre-existent VV1 pacemaker regained a stable postoperative SR with biatrial contraction, obviating the need of any pacemaker support. Coumadine could be stopped. All three patients preoperatively suffered from a bradycardiac permanent AF. The postoperative conversion into SR in this subset of patients is, in our opinion, beneficial. The two remaining patients did not reveal any atrial contraction; one patient (MW). who died 2 years postoperatively, suffered from a postoperative atrial flutter, which could not be cardioverted successfully and the other one (patient BJ) was still in AF.
One pacemaker implantation was performed, because of a sick sinus syndrome, which occurred 12 months postoperatively. Damiano revealed a \9Vc (9/47) postoperative pacemaker implantation |4|. TO 
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Failures
Ten patients remained in AF (Table I) . but actual followup of patients BL, RR and TKH was limited to 0.8, 7.1 and 7.1 months. Especially patient BL might show a spontaneous SR over time. Five patients remained in a permanent AF and one patient had a flutter. No predictors of failure could be distinguished (Table 3) . Especially the lesion pattern, left atrial diameter and duration of AF could not be determined as risk factors for failure, although these factors were presumed to be associated with a postoperative failure. Five AF patients had an unsuccessful cardioversion at 6 months, while two AF patients refused any cardioversion attempt, two AF patients still need to be cardioverted and one AF patient still has to complete his 6-month follow-up.
Two potential causes of postoperative permanent AF should be considered: first a non-transmural intraatrial lesion due to an inadequate ablation line, secondly an inadequate lesion pattern. A precise electrophysiological mapping of these patients was indicated, but not logistically feasible in our clinic at that time.
Patient MW had an atrial flutter. This flutter may have two important origins: the isthmus in the right atrium or a preserved conduction line between the left and right atrium through the coronary sinus. The patient refused any additional intervention.
Morbidity and mortality
The incidence of pulmonary complications, atelectasis, pleural effusion and pneumonia was 17% (6/36). This tended to be higher than normal, but still acceptable. The RDP venous graft occlusion occurred due to a technical failure on a poor severe atherosclerotic coronary artery. The size of infarction was limited, without compromising the overall left ventricular function. The sternal dehiscence complications (n = 2) were related to poor surgical chest closure in small patients with poor sternal bone quality. No signs of infection occurred. The postoperative bleeding (n = I) was not related to a SICTRA lesion. Damiano reported a 27% (13/47) major postoperative complication rate including bleeding (n = 3). intraaortic balloon implantation (« = 2), prolonged mechanical ventilation (« = 2). mediastinitis (n = 1), renal failure (n = 1), myocardial infarct (n = 2), unspecified (n = 2).
Our previous publication reported an additional mean aortic cross-clamp time of 17 min in patients who had an anti-arrhythmic procedure in conjunction with mitral valve surgery |6]. In the CABG patients this time was doubled, because it was technically more demanding to get into the left atrium and do the various ablation lines, because the mean size of the left atrium in CABG patients was 14.9 mm smaller than in mitral valve diseased patients; 44.9 versus 59.8 mm [9] . Prolongation of the ECC time was due to the increased reperfusion time and because of the right atrial anti-arrhythmic procedure as was performed in 15 patients.
The mean euroscore in this study was 5.5. According to the international literature, an increased perioperative mortality of 10-11% can be anticipated if the euroscore exceeds five points. CABG patients with permanent AF can be considered a higher risk group when compared with an overall group of isolated, non-selected CABG patients. The mean euroscore and 30-day mortality of 559 consecutive isolated CABG. patients without AF. in our clinic was 4.43 and 2.7%. The 30-day mortality in our S1CTRA CABG patients was 2.8% (1/36). Damiano reported an operative mortality of 2% (1/47). So. the 30-day mortality in our study group was not disproportionate and. therefore, acceptable.
Left versus bi-atridl procedure
non-transient AF was 34.6%. These 17,974 patients were recruited out of a patient population of 1.89 million people. So, a substantial increase in the absolute number of patients with CABG patients with AF can be anticipated. The known risk factors for coronary artery disease such as hypertension, diabetes mellitus, congestive heart failure, are also associated with the occurrence of AF [12] . The mean age of our surgical patients has increased over the last 10 years. This will further lead to an increase of the incidence of AF. The present mean age of the CABG patients in our clinic is 66 years. The reported prevalence of AF in this age group varies between 1.7 and 3.07c. So we anticipate that a fair number of patients will be eligible for this therapy.
The cumulative postoperative SR rate at 12 months for the left and biatrial lesion pattern was not significantly different. However, our small patient's study group impedes the detection of major differences. Larger series are, therefore, indicated. Nevertheless, we believe that a left atrial lesion pattern is an appropriate alternative to the bi-atrial lesion pattern to abolish permanent AF. Harada and associates, who performed intraoperative electrophysiological mapping in mitral valve patients with AF found regular and repetitive activation originating from the left atrial appendage and/or the left pulmonary vein orifice. As a consequence, they only performed a left atrial appendage resection and cryoablation of the left pulmonary orifice with excellent results; 83% SR with mean follow-up of 24.8 months [ 10|. Whether this electrophysiological pattern can be extrapolated to CABG patients with permanent AF remains unclear. But the same surgical group also reported a similar electrophysiological pattern in a CABG patient, which was also successfully ablated with cryoablation on the epicardium of the left atrial appendage [ I 11. Based upon these studies, we speculated that the left atrial maze would be an effective alternative to the bi-atrial maze procedure in CABG patients.
Limitations of the study
Patients' recruitment was not consecutively performed, because informed consent could not always be obtained. Patient randomization surgery versus medical anti-arrhythmic treatment for AF was due to logistical and organizational factors not feasible. So. inevitably this study comprised a selected patients' group.
4.H. Implication
If our observations are correct, then the treatment of permanent AF in CABG patients is warranted. The estimated prevalence of patients with AF in the USA is 2.3 million. The projected prevalence of patients with AF in 2050 will be 5.6 million, ranging from 5.0 to 6.3 million [12] . Go and colleagues reported that the incidence of coronary artery disease among 17.974 patients with
